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SUMMARY 
Wind tunne l  i n t e r f e r e n c e  c o r r e c t i o n s  have a d i r e c t  impact  on measured p ro -  
p e l l e r  e f f i c i e n c y .  A sys temat i c  s e r i e s  o f  wind t u n n e l  t e s t s  were done i n  t h e  
porous w a l l  NASA Lewis 8- by 6-Foot Wind Tunnel to  determine t h e  wind t u n n e l  
i n t e r f e r e n c e  c o r r e c t i o n s  t o  the  NASA Lewis c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  d a t a .  
The t e s t  r e s u l t s  were compared w i t h  c a l c u l a t i o n s  from a p o t e n t i a l  f low code t o  
determine t h e  i n t e r f e r e n c e  c o r r e c t i o n s .  A t  a Mach number o f  0.8, t h e  i n t e r f e r -  
ence c o r r e c t i o n s  r e s u l t e d  i n  a -0.008 Mach number c o r r e c t i o n  which reduced t h e  
c o u n t e r r o t a t i o n  p r o p e l l e r  n e t  e f f i c i e n c y  d a t a  by 0.46 p e r c e n t  a t  t h e  reduced 
Mach number. A d d i t i o n a l  wind tunne l  t e s t s  were done t o  measure t h e  e f f e c t  o f  
LLJ p r o p e l l e r  t h r u s t  on wind tunne l  wa l l  i n t e r f e r e n c e .  No w a l l  i n t e r f e r e n c e  cor- 
r e c t i o n s  due t o  p r o p e l l e r  t h r u s t  were found necessary f o r  t h e  h i g h  speed coun- 
t e r r o t a t i o n  p r o p e l l e r  da ta  ob ta ined  I n  t h e  porous w a l l  NASA Lewis 8- by  6-Foot 
Wlnd Tunnel .  
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INTRODUCTION 
The c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g  i s  shown i n  t h e  NASA Lewis 8- by  
6-Foot Wind Tunnel i n  f i g u r e  1 .  I n  t h i s  f i g u r e ,  t h e  s l o t t e d  ho les  i n  t h e  tun -  
n e l  w a l l s  which p r o v i d e  a 5 .8  pe rcen t  p o r o s i t y  i n  t h e  14 f t  t e s t  s e c t i o n ,  can 
be seen. I n  t h e  p a s t ,  t he  p o r o s i t y  o f  t h e  t e s t  s e c t i o n  had been assumed to  
cance l  o u t  t h e  need fo r  any i n t e r f e r e n c e  c o r r e c t i o n s  i n  t h e  s i n g l e  and coun te r -  
r o t a t i o n  p r o p e l l e r  t e s t  da ta .  
r e l a t i o n  between NASA and Hami l ton  S tandard ' s  s i n g l e  r o t a t i o n  p r o p e l l e r  t e s t  
r e s u l t s  o b t a i n e d  i n  d i f f e r e n t  f a c i l l t i e s  on t h e  same p r o p e l l e r  models. 
This assumpt ion appeared v a l i d  due t o  good cor- 
Th is  good c o r r e l a t i o n  between NASA and Hami l t on  Standard was e s p e c i a l l y  
encourag ing  because o f  the  l a r g e  d i f f e r e n c e s  between wind t u n n e l s  and p r o p e l l e r  
t e s t  r i g s .  The U n i t e d  Technologies Research Center  (UTRC) Wind Tunnel was a 
s o l i d  w a l l  w ind tunne l  versus t h e  porous w a l l  NASA Lewis Wind Tunnel .  F u r t h e r ,  
t h e  e l e c t r i c  d r i v e  t e s t  r i g  and the t h r u s t  and to rque  measur ing sys tem used a t  
UTRC were  s i g n i f i c a n t l y  d i f f e r e n t  i n  des ign  from t h e  t u r b i n e  d r i v e  p r o p e l l e r  
t e s t  r i g  used a t  NASA. A l so ,  a spec ia l  c a l i b r a t i o n  procedure  was f o l l o w e d  i n  
t h e  UTRC s o l i d  w a l l  t unne l  to account f o r  w a l l  i n t e r f e r e n c e  e f f e c t s .  The good 
c o r r e l a t i o n  i n  da ta  o b t a i n e d  i n  these two f a c i l i t i e s  suggested t h a t  any i n t e r -  
f e r e n c e  c o r r e c t i o n s  f o r  the  NASA 8- by 6-Foot Wind Tunnel were s m a l l ,  around 
1 p e r c e n t  or l e s s .  Wi th  t h e  advent o f  c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t i n g ,  how- 
e v e r ,  t h e  l a r g e r  b lockage of t h e  c o u n t e r r o t a t i o n  t e s t  r i g  c o u l d  r e p r e s e n t  a 
s i g n i f i c a n t  unknown i n t e r f e r e n c e  c o r r e c t i o n  t o  t h e  p r o p e l l e r  d a t a .  There fore ,  
t h e  d e c i s i o n  was made t o  determine t h e  i n t e r f e r e n c e  c o r r e c t i o n s .  
Th is  paper r e p o r t s  on the  wind t u n n e l  t e s t s  t h a t  were made t o  exper imen- 
t a l l y  de termine  t h e  magnitude o f  the i n t e r f e r e n c e  c o r r e c t i o n s  r e q u i r e d  f o r  
c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t i n g  i n  t h e  NASA Lewis 8- by 6-Foot Wind Tunne l .  
Also presented  are t h e  r e s u l t s  of t e s t s  conducted t o  measure t h e  e f f e c t  o f  p ro-  
p e l l e r  t h r u s t  on wind tunne l  w a l l  i n t e r f e r e n c e .  The t e s t s  r e p o r t e d  on were 
done fo r  Mach numbers from 0.6 t o  0.9 which r e p r e s e n t  t h e  Mach number r e g i o n  
where t h e  c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t i n g  was done. 
WIND TUNNEL AND PROPELLER TEST R I G  
The NASA Lewis 8- by  6-Foot Wind Tunnel was des igned f o r  t r a n s o n i c  t e s t -  
i n g .  The wind tunnel  can opera te  a t  Mach numbers from 0 . 4  t o  2.0.  The 14 f t  
t e s t  s e c t i o n  used i n  t h i s  t e s t  i n c o r p o r a t e d  a p e r f o r a t e d  t e s t  s e c t i o n  w i t h  
5.8 p e r c e n t  p o r o s i t y  t o  m in im ize  model -wal l  i n t e r a c t i o n s .  A d d i t i o n a l  d e t a i l s  
on t h i s  f a c i l i t y  can be found i n  r e f e r e n c e  1 .  
The c o u n t e r r o t a t i o n  t e s t  r i g  ( f i g .  1 )  has a p r o p e l l e r  d iameter  o f  
24.64 I n .  on t h e  f r o n t  p r o p e l l e r  and 2 3 . 9 5  on t h e  r e a r  p r o p e l l e r .  
age c h a r a c t e r i s t i c s  of  the  t e s t  r i g  a r e  l i s t e d  i n  t a b l e  I. 
The b 
INSTRUMENTATION 
Two P i t o t - s t a t i c  p ressu re  rakes  f o r  measur ing t h e  f l o w f i e l d  around 
c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g  a r e  shown i n  f i g u r e  2 .  
rakes  were spaced 6 i n .  a p a r t  and the  rakes  were mounted on t h e  t o p ,  bot tom, 
l e f t ,  and r i g h t  of t h e  c o u n t e r r o t a t i n g  p r o p e l l e r  t e s t  r i g  i n  t h e  p r o p e l l e r  
p lane .  A l o n g  P i t o t - s t a t i c  c a l i b r a t i o n  probe was used t o  c a l i b r a t e  these 
rakes  i n  t h e  tunne l .  These rakes  were used w i t h  no b lades  i n s t a l l e d  on t h e  
c o u n t e r r o t a t i o n  t e s t  r i g .  
The probes on 
oc k- 
he 
these 
. 
For measur ing the  e f f e c t  o f  p r o p e l l e r  t h r u s t ,  a 20 f t  l o n g  s t a t i c  tube 
was used on t h e  f loor  and c e i l i n g  o f  t h e  t u n n e l .  F i g u r e  3 shows t h e  s t a t i c  
tube mounted on the c e i l i n g  o f  t h e  t u n n e l .  The tube had a t o t a l  o f  81 a c t i v e  
s t a t i c  p ressu re  taps l o c a t e d  a t  27 a x i a l  s t a t i o n s .  Three p ressu re  taps  a t  
each a x l a l  l o c a t i o n  w e r e  s i t u a t e d  w i t h  one on each s i d e  and one on t h e  t o p  of 
the  tube .  The s t a t i c  tube measured t h e  s t a t i c  p ressu re  10 i n .  from t h e  t u n n e l  
f l o o r  and c e i l i n g .  
The wind tunnel  Mach number was de termined from e i g h t  t o t a l  p ressu res  i n  
t h e  be l lmou th  o f  the tunne l  and f o u r  s t a t i c  p ressu res  i n  t h e  ba lance chamber 
which sur round the tunne l  porous w a l l s .  These p ressu res  were used w i t h  a tun-  
n e l  c a l i b r a t i o n  program which used e x i s t i n g  t u n n e l  c a l i b r a t i o n  d a t a  t o  ca l cu -  
l a t e  the  wind tunnel  Mach number, MMeasured. 
used for  c o u n t e r r o t a t i o n  p r o p e l l e r  d a t a  p resen ted  t o  t h e  p r e s e n t  t i m e .  The 
accuracy  of t h e  pressure measurements used i n  t h e  t e s t  was 5 0 . 0 3  p s i a .  
T h i s  MMeasured Mach number was 
c 
ANALYTICAL WORK 
The p o t e n t i a l  f low computer program t h a t  was used f o r  comparison t o  exper-  
imen ta l  da ta  c a l c u l a t e s  t h e  compress ib le  p o t e n t i a l  f low about  ax i symmet r i c  bod- 
i e s  of a r b i t r a r y  shape. Th is  a n a l y s i s  i s  d e s c r i b e d  i n  d e t a i l  i n  r e f e r e n c e  2 .  
I t  was used t o  c a l c u l a t e  the  v e l o c i t y  r a t i o s  t h a t  would e x i s t  around the  coun- 
t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g  w i t h o u t  b lades  i n  f r e e  a i r .  The body shape 
downstream of the  p r o p e l l e r  was an a f t e r b o d y  and a s i m u l a t e d  exhaust  plume 
which decreased t o  a cons tan t  d iameter  s e c t i o n .  The d iamete r  then expanded t o  
2 
become the t u r b i n e  hous ing  to  whlch the suppor t  s t r u t  a t t a c h e d .  For t h e  iso- 
l a t e d  a n a l y t l c a l  model, t h e  t u r b l n e  housing and suppor t  s t r u t  were r e p l a c e d  by 
a cons tan t  d iameter  c y l i n d e r  c o n t i n u i n g  downstream r e p r e s e n t i n g  an exhaust  j e t .  
TEST RESULTS FOR INTERFERENCE CORRECTIONS 
Comparisons o f  the  a n a l y t i c a l  and exper imenta l  v e l o c i t y  r a t i o s  a r e  p re -  
sented i n  f i g u r e s  4 t o  7 for  t h e  Mach numbers o f  0 .6 ,  0.7, 0.8 and 0.85, 
r e s p e c t i v e l y .  The l o c a l  t o  f ree-s t ream v e l o c i t y  r a t i o  a t  t h e  p r o p e l l e r  p lane  
( t u n n e l  s t a t i o n  150) i s  p l o t t e d  versus r a d i a l  d i s t a n c e  from model c e n t e r l i n e .  
The exper imenta l  d a t a  i s  p l o t t e d  f o r  t h e  rake  l o c a t e d  a t  f o u r  d i f f e r e n t  
c i r c u m f e r e n t i a l  p o s i t i o n s  above, below, t o  t h e  l e f t ,  and t o  t h e  r i g h t  of t h e  
c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g .  The da ta ,  e s p e c i a l l y  near  t h e  p r o p e l l e r ,  
g e n e r a l l y  c l u s t e r s  t o g e t h e r  i n d i c a t i n g  an ax isymmet r ic  f l o w f i e l d  a t  t h e  p r o p e l -  
l e r  p lane .  The rakes  a c c u r a t e l y  measured the  v a r i a t i o n s  i n  t h e  l o c a l  f l o w f i e l d  
su r round ing  t h e  p r o p e l l e r  r i g  caused by  a l l  sources i n c l u d i n g  t h e  s t r u t ,  t h e  
r i g ,  and the  tunne l  i t s e l f .  
The a n a l y t l c a l  v e l o c i t y  r a t i o s  from t h e  p o t e n t i a l  f low computer program 
shown on f i g u r e s  4 to 7 r e p r e s e n t  the f l o w f i e l d  t h a t  would e x i s t  around t h e  
p r o p e l l e r  n a c e l l e  i n  f r e e  a i r  ( i . e . ,  no t u n n e l  w a l l s ) .  The d i f f e r e n c e  between 
t h e  a n a l y t i c a l  curve and t h e  exper imenta l  d a t a  shown I n  these f i g u r e s  a r e  smal l  
and r e p r e s e n t  t h e  needed I n t e r f e r e n c e  c o r r e c t i o n .  To o b t a i n  t h i s  c o r r e c t i o n ,  
t h e  f ree -s t ream v e l o c i t y  i n  t h e  denominator o f  t h e  exper imen ta l  v e l o c i t y  r a t i o  
must be a d j u s t e d  s ince  t h e  l o c a l  v e l o c i t y  i n  t h e  numerator  i s  d i r e c t l y  meas- 
u red .  
w i t h  t h e  a n a l y t i c a l  v a l u e .  
The f ree -s t ream v e l o c i t y  i s  reduced u n t i l  t h e  r a t i o  g e n e r a l l y  agrees 
The cor respond ing  Mach number i n t e r f e r e n c e  c o r r e c t i o n s  f o r  t h e  coun te r -  
r o t a t i n g  p r o p e l l e r  t e s t  r i g  o p e r a t i n g  i n  the  NASA Lewis 8- by 6-Foot Wind 
Tunnel a re  shown i n  f i g u r e  8. I n  t h i s  f i g u r e ,  a d e l t a  Mach number c o r r e c t i o n  
i s  p l o t t e d  versus measured tunne l  Mach number. The d e l t a  Mach number c o r r e c -  
t l o n  i s  n e g a t i v e  and can be a p p l i e d  to  o b t a i n  a c o r r e c t e d  Mach number u s i n g  
t h e  equa t ion :  
MCORRECTED = MMEASURED + AM 
A t  a tunne l  measured f ree -s t ream Mach number o f  0.8,  t h e  d e l t a  Mach number co r -  
r e c t i o n  i s  -0.008 which reduces the  Mach number i n  t h e  p r o p e l l e r  p lane  to  
0 . 7 9 2 .  The c o r r e c t i o n  i s  -0.011 a t  Mach 0.85 and -0.006 a t  Mach 0.7. 
The n e t  p r o p e l l e r  e f f i c i e n c y  i s  d i r e c t l y  r e l a t e d  t o  f ree -s t ream v e l o c i t y  
as shown i n  t h e  equa t ion  below: 
- FREE-STREAM VELOCITY * NET THRUST 
q~~~ - SHAFT POWER 
3 
I n  d imens ion less  form, t h e  e f f i c i e n c y  equa t ion  becomes: 
where 
FREE-STREAM VELOCITY 
= PROPELLER DIAMETER * ROTATIONAL SPEED 
Since the  i n t e r f e r e n c e  c o r r e c t i o n  reduces t h e  f ree -s t ream v e l o c i t y ,  t h e  n e t  
e f f i c i e n c y  da ta  w i l l  be reduced.  The e f f e c t  o f  t h i s  c o r r e c t i o n  on c o u n t e r r o t a -  
t i o n  n e t  e f f i c i e n c y  d a t a  i s  p resented  i n  f i g u r e s  9 to  1 1  f o r  t h e  F7/A7 b lades  
a t  Mach numbers o f  0.67 t o  0.85. The o r i g i n a l  d a t a  i s  rep resen ted  by t h e  c i r -  
c l e s  and t h e  squares r e p r e s e n t  t h e  c o r r e c t e d  da ta .  
and t h e  advance r a t i o  o f  3.12 ( f i g .  1 1 ) .  t he  o r i g i n a l  e f f i c i e n c y  was 77.7 pe r -  
c e n t .  The n e t  e f f i c i e n c y ,  eva lua ted  a t  t h e  same advance r a t i o  and power, was 
determined to be reduced -0.46 p e r c e n t .  Thus, t h e  c o r r e c t e d  new e f f i c i e n c y  i s  
77.24 p e r c e n t .  Table I 1  below l i s t s  t he  r e d u c t i o n  i n  NASA Lewis c o u n t e r r o t a -  
t i o n  p r o p e l l e r  ne t  e f f i c i e n c y  d a t a  a t  f i v e  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s .  
For example, a t  Mach 0.8 
EFFECT OF PROPELLER THRUST ON WALL INTERFERENCE 
The c o u n t e r r o t a t i n g  p r o p e l l e r  t e s t  r i g  and t h e  20 f t  l o n g  s t a t i c  tube a r e  
shown i n  t h e  NASA Lewis 8- by  6-Foot Wind Tunnel ( f i g .  12 ) .  These t e s t  t o o l s  
were used t o  measure t h e  e f f e c t  o f  p r o p e l l e r  t h r u s t  on tunne l  w a l l  i n t e r f e r -  
ence. The s t a t i c  tube measured t h e  s t a t i c  p ressu re  10 i n .  from t h e  t u n n e l  
c e i l i n g  and floor a t  27 a x i a l  s t a t i o n s .  
The t e s t  o b j e c t i v e  was t o  de termine any a d d i t i o n a l  w a l l  i n t e r f e r e n c e  co r -  
r e c t i o n s  t o  app ly  t o  t h e  p r o p e l l e r  d a t a  t h a t  would be caused by  t h e  t h r u s t  gen- 
e r a t e d  by t h e  p r o p e l l e r s .  
p ressures  caused by  t h e  p r o p e l l e r  t h r u s t .  The Mach number was t h e n  c a l c u l a t e d  
from these pressures and t h e  tunne l  t o t a l  p ressu re .  I n  f i g u r e  13, t h e  Mach 
number a t  t he  p r o p e l l e r  p lane  near  t h e  f l oo r  i s  shown versus  t h e  t h r u s t  gener- 
a t e d  by  t h e  p r o p e l l e r s  for a f ree -s t ream Mach number o f  0.8. T h i s  f i g u r e  shows 
no s i g n i f i c a n t  change i n  Mach number as t h e  p r o p e l l e r  t h r u s t  i s  v a r i e d  from t h e  
w i n d m i l l  va lue  o f  -80 l b  to  t h e  maximum t h r u s t  v a l u e  of 573 l b .  
The s t a t i c  tube was used t o  measure t h e  change i n  
The t h e o r e t i c a l  G l a u e r t  curve  f o r  s o l i d  w a l l  w ind t u n n e l s  ( r e f .  3) and 
a d d i t i o n a l  d a t a  f o r  the  porous w a l l  8- by 6-Foot Wind Tunnel a r e  p resen ted  i n  
f i g u r e  14. The p r o p e l l e r  p lane  v e l o c i t y  to  r e f e r e n c e  v e l o c i t y  r a t i o  i s  p l o t -  
t e d  versus  the  t h r u s t  c o e f f i c i e n t  a t  Mach numbers from 0.67 t o  0.9 w i t h  t h e  
s t a t i c  tube loca ted  on b o t h  t h e  f l oo r  and c e i l i n g .  I n  a porous w a l l  w ind  tun-  
n e l ,  no e q u i v a l e n t  v e l o c i t y  e x i s t s  t o  the  G l a u e r t  r e f e r e n c e  v e l o c i t y  f a r  
upst ream i n  t h e  s o l i d  w a l l  t u n n e l .  Consequent ly ,  t h e  v e l o c i t y  near  z e r o  t h r u s t  
was used as t h e  re fe rence .  Also, t h e  exper imen ta l  t h r u s t  c o e f f i c i e n t  has a 
c o m p r e s s i b i l i t y  c o r r e c t i o n  ( r e f .  4)  a p p l i e d  i n  o r d e r  t o  compare d i r e c t l y  w i t h  
t h e  incompress ib le  G l a u e r t  equa t ion .  The d a t a  s c a t t e r s  t o  t h e  l i m i t s  of the  
exper imen ta l  accuracy ove r  the  wide range o f  Mach numbers b u t  g e n e r a l l y  shows 
no change I n  p r o p e l l e r  p lane  v e l o c i t y  r a t i o  w i t h  i n c r e a s i n g  t h r u s t  c o e f f i c i e n t .  
The s o l i d  w a l l  C laue r t  curve  i n d i c a t e s  t h a t  a t  a t h r u s t  c o e f f i c i e n t  of 0 .4 ,  
. 
? 
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t h e  p r o p e l l e r  p lane  ve loc i t y  r a t i o  i n  a s o l i d  w a l l  w ind t u n n e l  would be reduced 
about  1 . 2  p e r c e n t .  Measurements made i n  the  s o l i d  w a l l  NASA Lewis 10- by 
10-Foot Wind Tunnel f o r  p r o p e l l e r  t e s t s  i n  t h a t  t unne l  agreed w i t h  t h e  G l a u e r t  
curve  and t h e  c o r r e c t i o n s  were made t o  t h e  p r o p e l l e r  t e s t  d a t a  o b t a i n e d  i n  
t h a t  t u n n e l .  That  d a t a  a n a l y s i s  i s  r e p o r t e d  i n  r e f e r e n c e  5. 
The e f f e c t  o f  p r o p e l l e r  t h r u s t  on Mach numbers ove r  t h e  l e n g t h  o f  t h e  tun-  
ne l  t e s t  s e c t i o n  near  t h e  c e i l i n g  and t h e  f l oo r  a re  shown i n  f i g u r e s  15 and 
16, r e s p e c t i v e l y .  The square symbols r e p r e s e n t  a w i n d m i l l  t h r u s t  around -85 l b  
w h i l e  t h e  t r i a n g l e  symbols r e p r e s e n t  t h e  maximum t h r u s t  near  575 l b .  
n i f i c a n t  d i f f e r e n c e  i n  Mach numbers between t h e  minimum and maximum t h r u s t  a r e  
seen a long  t h e  l e n g t h  o f  t h e  t e s t  sec t i on .  Th is  l a c k  o f  change i n  t h e  Mach 
numbers i s  e s p e c i a l l y  t r u e  around the i m p o r t a n t  p r o p e l l e r  p l a n e  t u n n e l  s t a t i o n  
of 150. 
No s i g -  
Thus t h e  measurements f o r  t h e  e f f e c t  o f  t h r u s t  on w a l l  i n t e r f e r e n c e s  show 
t h a t  no c o r r e c t i o n s  a r e  needed f o r  t h e  c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g  a t  
Mach numbers from 0.67 t o  0.9 i n  t h e  porous w a l l  NASA Lewis 8- by 6-Foot Wind 
Tunnel .  
The e f f e c t  of t h e  c o u n t e r r o t a t i o n  t e s t  r i g  and s t r u t  can a l s o  be seen i n  
f i g u r e  16 a t  a Mach number o f  0 .8 .  The l e a d i n g  edge o f  t h e  unswept s t r u t  i s  
l o c a t e d  a t  t unne l  s t a t i o n  194. The suppress ion o f  t h e  Mach number i n  f r o n t  o f  
t h e  s t r u t  can be seen i n  the  f i g u r e  w i t h  t h e  lowest Mach number o f  0.768 occu r -  
r i n g  a t  t unne l  s t a t i o n  182. I f  t h e  same c a l i b r a t i o n  procedure  were done i n  
t h i s  lower Mach number f l o w f i e l d ,  the c o r r e c t e d  f ree -s t ream Mach number would 
have been reduced s i m i l a r l y  and t h e  n e t  e f f i c i e n c y  a t  t h e  same power would 
have r e q u i r e d  a c o r r e c t i o n  of  about  -2 p e r c e n t .  However, t h e  f i g u r e  i n d i c a t e s  
t h a t  a t  t unne l  s t a t i o n  161, t h e  near w a l l  Mach number has recove red  to  where i t  
s t a r t e d  a t  Mach 0.804 w e l l  b e f o r e  i t  reaches t h e  a f t  p r o p e l l e r  p lane  a t  t unne l  
s t a t i o n  150. I t  can a l s o  be seen a t  t unne l  s t a t i o n  217, t h e  f low reaches i t s  
maximum speed o f  Mach 0.86 a t  t h e  a x i a l  l o c a t i o n  o f  t h e  maximum t h i c k n e s s  o f  
t h e  s t r u t .  
Another  approach t o  see i f  t h e  s t r u t  on t h e  bo t tom o f  t h e  r i g  has sup- 
p ressed t h e  Mach numbers i n t o  t h e  p r o p e l l e r  f l o w f i e l d  i s  t o  look a t  t h e  Mach 
number d i s t r i b u t i o n s  on t h e  s u r f a c e  o f  t he  c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t  r i g .  
I n  f i g u r e  1 7 ,  t h e  Mach numbers a t  d i f f e r e n t  angu la r  p o s i t i o n s  on t h e  sur face 
of the  c o u n t e r r o t a t i n g  p r o p e l l e r  t e s t  r i g  a r e  shown a t  a f ree -s t ream Mach 
number o f  0.8 w i t h  t h e  p r o p e l l e r s  a t  w i n d m i l l  c o n d i t i o n s .  I f  t h e  Mach numbers 
on the  a f t e r b o d y  beh ind  t h e  p r o p e l l e r s  a t  t he  180° angu la r  l o c a t i o n  were lower 
than  a t  Oo, then  t h e r e  would be an i n d i c a t i o n  t h e  s t r u t  suppressed t h e  Mach 
numbers. No ev idence of  s i g n i f i c a n t  d i f f e r e n c e s  i n  Mach numbers between t h e  
t o p  and bo t tom o f  t h e  a f t e r b o d y  i s  i n d i c a t e d  i n  t h i s  f i g u r e .  Thus, f i g u r e s  15 
t o  17 i n d i c a t e  t h a t  t h e  s t r u t  d i d  no t  s i g n i f i c a n t l y  suppress t h e  Mach numbers 
i n  the  p r o p e l l e r  f l o w f i e l d .  F u r t h e r ,  t h e  c a l i b r a t i o n  procedure  uses d a t a  
o b t a i n e d  from rakes  which a c c u r a t e l y  measured any e f f e c t s  o f  t h e  s t r u t  and t h e  
t u r b i n e  hous ing  on t h e  p r o p e l l e r  f l o w f i e l d  and accounts f o r  them th rough  t h e  
i n t e r f e r e n c e  c o r r e c t i o n s .  
CONCLUSIONS 
The i n t e r f e r e n c e  c o r r e c t i o n s  for  c o u n t e r r o t a t i o n  p r o p e l l e r  t e s t i n g  i n  the  
porous w a l l  NASA Lewis 8- by 6-Foot Wind Tunnel have been de termined f o r  Mach 
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numbers between 0.6 and 0 . 9 .  For example, a t  a Mach number of 0.8,  t h e  i n t e r -  
f e rence  c o r r e c t i o n  from f i g u r e  8 I s  a -0.008 r e d u c t i o n  i n  t h e  Mach number. 
Th is  Mach number c o r r e c t i o n ,  a t  t h e  same power c o e f f i c i e n t  and advance r a t i o ,  
w i l l  reduce t h e  c o u n t e r r o t a t i o n  n e t  e f f i c i e n c y  by  0.46 p e r c e n t .  The e f f e c t  on 
e f f i c i e n c y  for o t h e r  Mach numbers can be found i n  t a b l e  11. 
The e f f e c t  of  p r o p e l l e r  t h r u s t  on w a l l  i n t e r f e r e n c e  was measured. No w a l l  
i n t e r f e r e n c e  c o r r e c t i o n  for p r o p e l l e r  t h r u s t  i s  necessary f o r  t h e  h i g h  speed 
c o u n t e r r o t a t i o n  p r o p e l l e r  d a t a  i n  t h e  porous w a l l  8- by  6-Foot Wind Tunnel .  
No s i g n i f i c a n t  r e d u c t i o n  i n  p r o p e l l e r  p lane  Mach numbers due t o  t h e  s t r u t  
was measured near  the w a l l  w i t h  t h e  20 f t  l o n g  s t a t i c  t ube .  Also, t h e r e  was 
no s i g n i f i c a n t  c i r c u m f e r e n t i a l  v a r i a t i o n  o f  t h e  Mach number on t h e  c o u n t e r r o t a -  
t i o n  p r o p e l l e r  t e s t  r i g  which i n d i c a t e s  t h a t  t h e  s t r u t  d i d  n o t  measurably  sup- 
p ress  t h e  flow a t  the p r o p e l l e r  p lane .  
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l o c a t i o n ,  
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TABLE I .  - 
Diameter ,  61 ockage, 
p e r c e n t  inches 
11 .94  1 . 6 2  
10.58 1.27 
Oescri  p t i  on 
Measured Mach 
number 
Maximum forebody 
d iameter  
Corrected Mach Advance N e t  e f f i c i e n c y  
number 1 r a t i o  1 change, 
p e r c e n t  
Forward prope l  1 e r  
p l a n e  nacel  1 e 
Forward prope l  1 e r  
b lades  and n a c e l l e  
147 I 2 4 . 6 4  I 1.38 I 
I 5 - 0 3  I ----- I 217  I Maximum blockage a t  r e a r  support  s t r u t  
TABLE 11. - 
I 0.670 I 0.665 I 2 . 6 1  1 -0.30 I 
-.39 * 1  I .714 .753 
.792 3 . 1 2  - . 4 6  I 1 :88: I .839 1 3.32 1 
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FIGURE 1. - COUNTERROTATING PROPELLER TEST R I G  I N  THE POROUS WALL 
NASA LEWIS 8x6 FOOT WIND TUNNEL. 
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FIGURE 2. - TWO RAKES FOR MEASURING THE FLOWFIELD PRESSURES AROUND THE COUNTERROTATING 
p A - c ~  1s PROPELLER TEST R IG.  
OF POOR QUALITY 
FIGURE 3.  - TWENTY-FOOT STATIC TUBE USED FOR MEASURING PRESSURES OVER THE POROUS LENGTH OF 
THE 8x6 FOOT WIND TUNNEL TEST SECTION. 
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FIGURE 4. - COMPARISON OF ANALYTICAL AND EXPERIMENTAL 
VELOCITY RATIOS AROUND THE COUNTERROTATING PROPELLER 
TEST R I G  AT THE PROPELLER PLANE AT MACH 0.60. 
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FIGURE 5. - COMPARISON OF ANALYTICAL AND E X P E R I K N T A L  
VELOCITY RATIOS AROUND THE COUNTERROTATING PROPELLER 
TEST R I G  AT THE PROPELLER PLANE AT MACH 0.70. 
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FIGURE 6. - COMPARISON OF ANALYTICAL AND EXPERIENTAL 
VELOCITY RATIOS AROUND THE COUNTERROTATI NG PROPELLER 
TEST R I G  AT THE PROPELLER PLANE AT MACH 0.80. 
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FIGURE 7. - COMPARISON OF ANALYTICAL AND EXPERIMENTAL 
VELOCITY RATIOS AROUND THE COUNTERROTATING PROPELLER 
TEST R I G  AT THE PROPELLER PLANE AT NACH 0.85. 
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FIGURE 9. - EFFECT OF INTERFERENCE CORRECTIONS ON COUNTER- 
ROTATING PROPELLER NET EFFICIENCY DATA AT MACH 0.67 AND 
0.76. (BLADES: F7/A7, ANGLES: 58.5/55.7.) 
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FIGURE 8. - MACH N U M R  INTERFERENCE CORRECTIONS FOR 
COUNTERROTATING PROPELLER TEST R I G  I N  POROUS WALL 
NASA LEWIS 8x6 FOOT WIND TUNNEL. 
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FIGURE 10. - EFFECT OF INTERFERENCE CORRECTIONS ON COUNTER- 
ROTATING PROPELLER NET EFFICIENCY DATA AT MACH 0.72. 
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FIGURE 11. - EFFECT OF INTERFERENCE CORRECTIONS ON COUNTER- 
ROTATING PROPELLER NET EFFICIENCY DATA AT MACH 0.80 AND 
0.85. (BLADES: F7/A7. ANGLES: 61.W57.9.) 
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FIGURE 1 2 .  - COUNTERROTATING PROPELLER TEST R IG AND 20-FOOT 
STATIC TUBE I N  NASA LEWIS 8x6 FOOT WIND TUNNEL FOR MEASUR- 
ING WALL INTERFERENCE EFFECTS DUE TO THRUST. 
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FIGURE 13. - EFFECT OF PROPELLER THRUST ON PROPELLER PLANE 
MACH NUKERS NEAR THE FLOOR AT M = 0.80. 
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FIGURE 14. - COMPARISON OF THRUST EFFECT ON WIND TUNNEL VELOCITIES 
CALCULATED FROM THE SOLID WALL WIND TUNNEL INTERFERENCE EQUATION 
AND POROUS WALL 8x6 FOOT WIND TUNNEL DATA. 
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FIGURE 16.  - EFFECT OF PROPELLER THRUST ON MACH NUMBERS 
OVER THE LENGTH OF THE TUNNEL TEST SECTION NEAR THE 
FLOOR AT MACH 0.80. 
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FIGURE 17. - MACH NUMBERS AT DIFFERENT ANGULAR POSITIONS 
ON THE SURFACE OF THE COUNTERROTATING PROPELLER TEST 
R I G  AT MACH 0.80. WINDMILL CONDITIONS (T  = -77 LB, 
PQA = -0 .098.  J = 3.96). 
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